Handroanthus heptaphyllus is a very important species for economical and ornamental purposes (botany synonymy tabebuia heptaphylla), as well as for its medicinal value. Belonging to the bignoniaceae botanical family, its multiplication is carried solely by seeds. Forest dispersion elements, i.e., the seeds, deserve a deep understanding of their physiological performance. The objective of this research was to evaluate the potential of the biospeckle method in testing seed viability. The quantification of the optical interference phenomenon called biospeckle was expressed through the moment of inertia (mi). The equipment employed in the experimental setup included a 632nm red diode laser of 10mw, a digital movie camera as well as a personal computer. Seeds were submitted to accelerated aging (42 °c and 100% of relative humidity for 24, 48, 72, 96, and 120 hours) and forwarded for biospeckle evaluation and germination tests. It was concluded that a viability reduction of h. Heptaphyllus seeds as generated by accelerated aging needs more study to be detected by the biospeckle test. Thus, the biospeckle phenomenon gives support to a technique that has been developed and presented as a possible tool to assess the germination potential of h. Heptaphyllus seeds.
Introduction
Ipê-roxo, as H. heptaphyllus is popularly known, is a South American native forest species. Its main features include wood quality, ornamental applications as well as leaf extracts properties. Seed vigor test carried out by means of accelerated aging is considered very suitable because it is efficient in evaluating the physiological potential of seeds of several species. The principle of the accelerated aging test is associated to the seeds deterioration rate as influenced by exposure to elevated temperature and relative humidity, considering the deterioration of orthodox seeds to be strongly associated to these environmental factors. Under adverse storage conditions, high quality seeds present slow deterioration when compared to less vigorous individuals [1] . The biospeckle phenomenon is based on light interference, which has given support to the development of various applications, including seed evaluation techniques. The literature reports the application of biospeckle techniques with satisfactory results for fruit damage assessment [2, 3] , plant tissue veins mapping, assessment of bovine semen [4] , assessment of water deficit in vegetables [5] as well as seed quality assessment [6, 7] . Obtaining information about the activity of a biological material through biospeckle can be done through different methods. There are biospeckle analysis methods which provide visual results, such as: Generalized Differences (DG), Fujii and LASCA [8] . There are also methods which generate numerical results, such as Moment of Inertia (MI), Absolute Value of Differences (AVD) [9] , Cross-correlation coefficient (C4) [10] .
The calculation of MI is based on the time variation of speckle that is quantified by the THSP (Speckle Pattern Time History), which constitutes a manipulation of various images of the object's surface illuminated by a laser. Then the COM (Co-occurrence matrix) is calculated [11] . For MI calculation, literature equation is used [12] . Based on what was exposed before and considering the biospeckle phenomenon potential in evaluating the activity of biological materials, this paper aims to study the application of that optical phenomenon as a tool for assessing ipê-roxo seeds' quality, allowing for a rapid, objective analysis, and capable of automation.
Material and Methods
Biospeckle tests were carried out in the Laboratory of Optics and the seed vigor and viability tests were carried out in the Post-Harvest Technology Laboratory of the School of Agricultural Engineering, University of Campinas, Campinas, SP, Brazil. Ipê-roxo seeds were obtained from 15 mother trees at the Center for Seedlings Production of Pederneiras, SP, Brazil. Fruit was collected at mature stage and, still closed, placed under shade to remove excess moisture and forwarded to seed extraction. The optical setup included a 10mW and a 632nm wavelength (red) diode laser, a digital camcorder with an acquisition rate of 60 Hz, a Personal Computer (PC), ImageJ version 1.50i software for image processing [13] and the statistical software Sisvar version 5.3 [14] and R version 3.0.0 [15] . At this step, the sample of ipê-roxo seeds had an initial germination rate of 100%, as evaluated through a germination test. The biospeckle testing was performed each time at an interval of 24 hours (time 1, time 2, time 3 and so on) up to 120 hours. Each seed subjected to biospeckle evaluations was subjected to germination tests. The teguments were removed in order to expose the endosperm directly to the laser beam. The seeds were subjected to accelerated aging test to reduce germination potential in a relatively short time interval. In the accelerated aging test, seeds were placed in clear plastic boxes (gerbox) in hermetically sealed compartments. Inside each gerbox, seeds were distributed on a mesh tray. In order to ensure high relative humidity (100%), 40ml of distilled water were added under the tray, inside the gerbox. The boxes were properly capped and placed in a FANEM® Model 346 climatic chamber at a temperature of 42 °C for periods of 24, 48, 72, 96, and 120 hours. Initially the seeds moisture content was determined in an oven at 130 °C for 2 hours, and then the seeds germination percentage. The evaluation of the seeds through biospeckle was performed. After the proper residence time in the chamber, the samples' moisture contents were determined and forwarded for biospeckle testing.
30 seeds of each treatment were randomly collected from accelerated aged samples and mounted in a plastic rectangular container for biospeckle testing. The seeds were illuminated by the laser in random order, which was obtained through a previous draw. The seeds of all aging periods underwent the same experimental procedures. During the lighting, ten-second films were made for each seed in each treatment. Figure 1 illustrates the experimental configuration adopted in the tests with biospeckle laser. The angle of incidence of light was about 45 degrees. Seeds were initially submitted to accelerated aging process and then forwarded to germination tests. For the biospeckle test, carried out every 24 hours until 120 hours were completed, 512 successive video frames of 640 x 480 pixels were captured for each seed and forwarded for image processing, including the color conversion to 8 bits with 256 levels of gray. Then, MI values were generated through the ImageJ software. The germination test showed the variation of seed germination potential over time as well as its correlation with the MI values, through the software R version 3.0.0 [15] . Figure 2 illustrates the diagram for the steps of the experiment. Seeds were submitted to accelerated aging at a temperature of 42°C for periods of 24, 48, 72, 96, and 120 hours. The seeds were forwarded to biospeckle and germination tests. Seeds' moisture contents were also monitored at each period. The tests for seed physiological quality evaluation at the accelerated aging periods were carried out as follows:
Germination tests: 25 seeds for each treatment (period of accelerated aging) were tested in the form of paper rolls maintained at 25°C and 8 hours of photoperiod. The substrate was soaked with distilled water of an equivalent volume of two and a half times the substrate dry weight. The seedling counting was done every 7 days totaling 28 days, and considering the seeds as germinated when radicle protrusion was greater than or equal to 2.0mm and positive geotropism curvature [16] . From the data, the percentage of germination was calculated. The botanist concept of germination was employed, which considers as germinated a seed in which the primary root protrusion has occurred. Moisture content determination: In that testing step, 3 samples of 1g each were tested for each aging period, using a Nova Etica oven at 130°C for 2 hours [17] , and the results were expressed in percentages. The response variables were expressed in MI values and germination response. A design with 30 replications for biospeckle was adopted, where each seed had a replication and five treatments (accelerated aging periods). The dependent values variables were MI values and germination response. The results were forwarded to an analysis of variance by F test and the averages were compared by Tukey test at 5% probability, through the Sisvar 5.3 program. Table 1 shows the details of the statistical factors and factor levels associated to these experimental trials. 
Results and Discussion
There were significant differences between the treatments (aging periods) as to the MI variable for the H. heptaphyllus seeds (Table 2 ). * Averages followed by the same letter and number do not differ by Tukey test at 5% probability. LSD: least significant difference; MSN: Minimum Significant Number.
The average of the MI values for 24 hours was the highest for the entire period of accelerated aging. It may indicate that, at the beginning of the aging process, seeds exhibited higher vigor than at the end of the aging process (120 hours). However, the Moment of Inertia presents high coefficient of variation (Table 2) . When comparing the MI values obtained in the initial period (24 hours) to those obtained at the periods of 48 and 120 hours, a decrease in the MI average value is observed. However, it can be noticed that there was an increase in the MI values in the periods of 72 and 96 hours (Figure 3) . The seeds' moisture content values obtained for each aging period were analyzed through analysis of variance followed by Tukey test (Table 3) .
From the data presented on Table 3 , it was verified that the moisture content values did not differ by Tukey test at 5% probability and varied within the range of moisture content values included in the range of 28% and 54%, which is the range of a lower coefficient of variation between the seed and the laser [18]. Table 4 presents the analysis of variance of the germination test, which showed no significant differences by Tukey test at 5% probability. It is possible to note that the MI values decay with time and that the average moisture content has a slight increase (Table 3) . Those were the parameters that were altered during the experimental trials. The aim of the experiment was to detect through the biospeckle technique if the seed germination potential reduction influences the MI values and, with that objective, the seed samples' moisture content was monitored. As it is revealed by the literature [6, 19, 20] , the MI values increase with moisture content values. The laser penetration in seeds tissue increases with the increment in moisture content [19] . In this case, although the moisture presents a slight increase, the MI values of individual seeds did not increase with time.
Conclusion
More studies are needed to prove that the biospeckle technique is able to detect the reduction of viability and vigor of the H. heptaphyllus seeds caused by accelerated aging. Thus, the biospeckle phenomenon can give support to a technique that has been developed and presented as a possible tool to assess the germination potential of H. heptaphyllus seeds.
